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Apparatus  for  finishing  a  cone-like  surface. 
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©  The  apparatus  for  finishing  the  cone-like  surface 
includes  a  flexible  base  member  and  rigid  side 
members,  which  rigid  side  members  are  secured 

such  that  the  planes  thereof  intersect  in  a  line  that  is 
collinear  with  the  axis  of  the  cone-like  surface  to  be 
finished. 
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BACKGROUND  OF  THE  INVENTION 

The  present  invention  generally  relates  to  an 
apparatus  for  finishing  a  cone-like  surface  and,  in 
particular,  relates  to  one  such  apparatus  having 
rigid  members  defining  planes  that,  intersect  in  a 
line  collinear  with  the  axis  of  the  cone-like  surface. 

It  is  known  that  conventional  surfaces  requiring 
near  normal  incident  angles  are  quite  inefficient  for 
optical  purposes  when  the  incident  radiation  of 
interest  is  in  the  ultraviolet  or  X-ray  regions  of  the 
electromagnetic  spectrum.  This  inefficiency  is  at- 
tributed  to  the  poor  reflectivity  of  conventional  sur- 
faces  at  these  spectral  regions.  Consequently, 
when  operating  in  the  ultraviolet  or  X-ray  region 
grazing  incidence  optical  systems  are  employed. 

One  particularly  efficient  surface  commonly 
used  for  grazing  incidence  optical  systems  is  a 
cone-like  surface  having  a  longitudinal  axis.  One 
major  difficulty  of  fabricating  such  a  surface  is  the 
efficient  grinding  and  polishing,  i.e.,  finishing,  there- 
of.  Conventionally,  a  typical  finishing  tool  is  a  sub- 
stantially  rigid  rectangular  block  of  material  having 
a  contact  face  that  is  curved  to  approximate  the 
shape  of  the  cone-like  surface. 

Such  a  tool,  however,  is  quite  inefficient  be- 
cause  a  cone-like  surface  has  both  a  longitudinally 
changing  radius  of  curvature  and  a  transversely 
changing  radius  of  curvature.  Such  compound 
changes  of  radii  of  curvature  prevent  the  efficient 
rotation  of  such  a  tool  against  the  optical  surface 
during  finishing.  Further,  if  such  a  tool  is  moved 
longitudinally,  or  parallel,  to  the  optical  axis,  the 
change  of  radius  of  curvature  causes  a  misfit  be- 
tween  the  tool  and  the  surface  being  finished. 

One  approach  to  resolving  this  problem  has 
been  to  finish  such  an  optic  using  a  long  but  very 
narrow  tool.  While  such  a  scheme  does  maintain  a 
better  fit  of  the  tool  to  the  surface,  the  tool  must  be 
quite  narrow.  The  use  of  a  narrow  tool  generally 
greatly  increases  the  time  needed  for  finishing  a 
grazing  incident  optic  since  the  material  removal  of 
a  finishing  tool  is  dependent  on  the  surface  contact 
area  between  the  tool  and  the  surface.  Further,  with 
a  long  narrow  tool  the  changing  longitudinal  diam- 
eter  of  the  optic  restricts  the  maximum  excursion  of 
the  tool.  This  restriction  further  reduces  the  ma- 
terial  removal  rate. 

Consequently,  there  is  a  substantial  need  and 
desire  for  an  apparatus  for  finishing  a  cone-like 
surface  that  enables  both  full  rotational  finishing 
and  extended  excursion  finishing. 

SUMMARY  OF  THE  INVENTION 

Accordingly,  this  object  is  accomplished,  at 
least  in  part,  by  an  apparatus  having  rigid  members 
affixed  to  a  flexible  finishing  member  and  disposed 

such  that  the  planes  defined  by  the  rigid  members 
intersect  in  a  line  coincident  with  the  longitudinal 
axis  of  the  cone-like  surface. 

Other  objects  and  advantages  of  the  present 
5  invention  will  become  apparent  to  those  skilled  in 

the  art  from  the  following  detailed  description  read 
in  conjunction  with  the  appended  claims  and  the 
drawings  attached  hereto. 

w  BRIEF  DESCRIPTION  OF  THE  DRAWING 

The  drawing,  not  drawn  to  scale,  includes: 
FIGURE  1  is  a  perspective  view  of  an  apparatus 
embodying  the  principles  of  the  present  inven- 

75  tion; 
FIGURE  2  is  a  perspective  view  of  a  system  for 
finishing  a  cone-like  surface  embodying  the 
principles  of  the  present  invention; 
FIGURE  3  is  a  side  view  of  the  system  shown  in 

20  FIGURE  2  taken  along  the  line  3-3  thereof; 
FIGURE  4  is  a  top  sectional  cut-a-way  of  the 
system  shown  in  FIGURE  2;  and 
FIGURE  5  is  a  perspective  view  of  another  ap- 
paratus  embodying  the  principles  of  the  present 

25  invention. 

DETAILED  DESCRIPTION  OF  INVENTION 

An  apparatus  for  finishing  a  cone-like  surface, 
30  generally  indicated  at  10  in  FIGURE  1,  includes  a 

flexible  base  member  12  having  first  and  second 
rigid  members,  14  and  16,  respectively,  affixed 
thereto.  The  first  and  second  rigid  members,  14 
and  16,  respectively,  defining  first  and  second 

35  planes.  The  apparatus  10  further  includes  means 
18  for  retaining  the  first  and  second  rigid  members 
such  that  the  planes  defined  thereby  intersect  col- 
linearly  with  the  axis  20  of  the  cone-like  surface  22, 
shown  in  FIGURE  2,  to  be  finished. 

40  The  apparatus  10  can  further  include  at  least 
one  pin  member  24  disposed  to  engage  a  transla- 
tion  member  26,  shown  in  FIGURES  3,  4  and  5.  As 
more  fully  discussed  hereinafter  the  pin  member 
24,  serves  to  permit  movement  of  the  base  mem- 

45  ber  12  transverse  to  the  translation  member  26 
during  operation. 

In  one  embodiment,  although  not  to  be 
deemed  a  limitation,  the  base  member  12  is  gen- 
erally  trapezoidal  in  its  planar  unflexed  state  having 

50  the  parallel  sides  thereof  of  such  length  as  to 
match  the  change  of  radius  of  the  cone-like  surface 
22  to  be  finished.  As  another  alternative,  the  base 
member  12  may  be  generally  triangular  in  its 
planar  unflexed  state.  The  first  and  second  rigid 

55  members,  14  and  16,  respectively,  are  affixed  to 
the  base  member  12  and,  in  one  embodiment, 
include  slots  28  extending  thereinto  to  enable  en- 
gagement  with  an  axial  member  30. 

2 
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In  the  preferred  embodiment  the  first  and  sec- 
ond  rigid  members,  14  and  16,  respectively,  each 
include  a  plurality  of  finger  members  that  are  dis- 
posed  on  opposing  sides  or  side  edges  of  the  base 
member  12  such  that  they  are  interdigitated  when 
the  base  member  12  is  flexed  to  have  the  planes 
defined  thereby  intersect  in  a  line  that  is  collinear 
with  the  axis  of  the  cone-like  surface  22. 

In  one  specific  embodiment,  the  flexible  base 
member  12  can  be  fabricated  from  commercially 
available  flexible  materials  and  is,  for  example,  on 
the  order  of  about  1/8  to  1/2  inches  thick.  In  con- 
junction  with  the  inherent  material  properties  the 
flexibility  of  the  apparatus  10  is  determined  by  the 
thickness  of  the  material.  Typically,  the  larger  the 
surface  area  desired  for  the  base  member  12  the 
thinner  the  base  member  12  will  be  made.  The  first 
and  second  rigid  members,  14  and  16,  respec- 
tively,  can  be  commercially  available  materials,  in- 
cluding  metals  and  plastics  affixed  to  the  base 
member  12  by  either  epoxy  or  screws  or  such 
other  means  as  desired. 

In  a  system  32,  shown  in  FIGURE  2,  wherein 
the  apparatus  10  is  particularly  useful,  the  means 
18  includes  the  axial  member  30  disposed  in  and 
positioned  by  first  and  second  axial  member  sup- 
ports,  34  and  36  respectively,  disposed  on  a  plat- 
form  38.  The  cone-like  optic  22  is,  in  one  embodi- 
ment,  disposed  on  first  and  second  pairs  of  rollers, 
40  and  42,  respectively.  The  pairs  of  rollers,  40  and 
42,  both  support  and  rotate  the  cone-like  optic  22 
being  finished.  In  a  typical  system  32,  the  pairs  of 
rollers,  40  and  42,  are  rotatably  connected  to  a 
drive  means  45.  The  pairs  of  rollers,  40  and  42,  are 
mounted  on  roller  mount  members  44  having 
heights  adapted  to  the  cone-like  optic  22  being 
finished  to  ensure  that  the  center  line  20,  i.e.,  the 
axis  of  rotation,  thereof  is  substantially  parallel  to 
the  plane  of  the  platform  38. 

The  axial  member  30  is  disposed  along  the 
axis  20  of  the  cone-like  optic  22  being  finished  and 
the  apparatus  10  is  disposed  within  the  optic  22 
with  the  first  and  second  rigid  members,  14  and 
16,  respectively,  being  secured  by,  in  one  embodi- 
ment,  the  slots  28  to  the  axial  member  30.  Such  an 
arrangement  ensures  that  the  planes  of  the  first 
and  second  rigid  members,  14  and  16,  respec- 
tively,  intersect  in  a  line  that  is  collinear  with  the 
axis  20  of  the  optic  22  being  finished. 

In  the  preferred  embodiment  the  bar  support 
members,  34  and  36,  each  have  an  opening  46 
through  which  the  translation  member  26  extends. 
The  translation  member  26,  in  this  embodiment, 
extends  through  the  opening  46  in  each  support 
member  34  and  36,  and,  as  shown  in  FIGURES  3 
and  4,  is  affixed  to  the  pin  members  24  extending 
from  the  base  members  12  of  the  apparatus  10.  In 
one  embodiment,  the  translation  member  26  ex- 

tends  beyond  the  openings  46  in  the  support  mem- 
bers,  34  and  36,  and  each  end,  48  thereof  is 
captured  by  motorized  pinch  rollers  50.  Hence,  in 
operation,  the  finishing  of  the  cone-like  surface  22 

5  occurs  by  the  pinch  rollers  50  being  alternately 
related  to  thereby  impart  an  alternating  pull  force  in 
opposite  directions  to  the  translation  member  26. 
Thus,  the  apparatus  10  is  operated  with  a  pull  -  pull 
motion  as  opposed  to  a  push  -  pull  motion  and 

io  thus  the  flexible  base  member  12  contacts  the 
cone-like  surface  22  throughout  the  entire  length  of 
the  optic  22.  Further,  the  pull  -  pull  motion  occurs 
while  the  optic  22  is  being  rotated  thus  ensuring 
that  the  entire  inner  cone-like  surface  22  is  fin- 

15  ished. 
It  is  understood  that  an  appropriate  slurry  and 

grit  material  is  disposed  between  the  apparatus  10 
and  the  surface  22  being  polished  during  the  finish- 
ing  process. 

20  The  translation  member  26  is  more  clearly 
shown  in  FIGURE  3  which  is  a  side  view  of  the 
system  32  shown  in  FIGURE  2.  As  shown  therein, 
the  apparatus  10  includes  first  and  second  pins 
members  24  that  extend  through  pin  clearance 

25  openings  52  in  the  translation  member  26  that 
allow  not  only  the  pull  -  pull  finishing  motion  to  be 
imparted  to  the  base  member  12  in  the  longitudinal 
direction  but  also  permits  the  apparatus  10  to  move 
transversely  with  respect  thereto.  Hence,  the  finish- 

30  ing  surface  of  the  flexible  base  member  12  of  the 
apparatus  10  is  in  contact  with  the  cone-like  sur- 
face  22  being  polished  at  all  times.  Thus,  the 
grinding  and  polishing  operation  is  more  efficient. 

With  reference  to  FIGURE  4  a  general  top  view 
35  is  shown  to  further  clearly  depict  how  that  transla- 

tion  member  26  and  the  apparatus  10  interact  by 
means  of  the  first  and  second  pin  members  24 
extending  from  the  apparatus  10  through  the  trans- 
lation  member  26.  The  translation  member  26  is 

40  moved  longitudinally  by  conventional  pinch  rollers 
50  or  other  reciprocating  means. 

It  will  be  understood  that  although  the  present 
apparatus  and  system  have  been  described  with 
respect  to  the  finishing  of  an  interior  cone-like 

45  surface  the  same  apparatus  based  on  the  same 
principles,  i.e.,  the  intersection  of  the  planes  de- 
fined  by  the  rigid  members  being  floats  with  the 
axis  of  the  optic  being  polished,  can  be  used,  as 
shown  in  FIGURE  5,  to  finish  exterior  cone-like 

50  surfaces.  As  shown  in  FIGURE  5  the  cone-like 
surface  22  to  be  finished  is  an  exterior  surface.  The 
planes  defined  by  the  first  and  second  rigid  mem- 
bers,  14  and  16,  respectively,  are  shown  as  dashed 
lines  and  intersect  along  a  line  collinear  with  the 

55  axis  20  of  the  cone-like  surface  22.  In  such  an 
embodiment,  the  means  18  for  retaining  the  rigid 
members,  14  and  16,  in  proper  position  can  be,  for 
example,  a  computer  controlled  turn-buckle  se- 

3 
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cured  to  the  rigid  members  14  and  16. 
Although  the  present  invention  has  been  de- 

scribed  herein  with  respect  to  specific  embodi- 
ments  it  will  be  understood  that  other  configura- 
tions  and  arrangements  may  also  be  employed 
which  do  not  depart  from  the  spirit  and  scope  of 
the  present  invention.  Hence  the  present  invention 
is  deemed  limited  only  by  the  appended  claims 
and  the  reasonable  interpretation  thereof. 

Claims 

1.  Apparatus  for  finishing  a  cone-like  surface  hav- 
ing  an  axis  associated  therewith,  said  appara- 
tus  comprises: 

first  and  second  rigid  members,  said  first 
and  second  rigid  members  defining  first  and 
second  planes; 

a  flexible  member,  said  flexible  member 
having  a  first  major  surface,  said  first  and 
second  rigid  members  being  affixed  to  said 
flexible  member  substantially  perpendicularly 
to  said  first  major  surface  thereof,  said  major 
surface  defining  a  planar  geometric  shape  that, 
when  said  planes  of  said  rigid  members  inter- 
sect  in  a  line  collinear  with  said  axis,  closely 
approximates  said  cone-like  surface;  and 

means  for  retaining  said  rigid  members 
such  that  said  planes  defined  thereby  intersect 
collinearly  with  said  axis  of  said  cone-like  sur- 
face. 

2.  Apparatus  as  claimed  in  Claim  1  ,  wherein  said 
planar  geometric  shape  is  trapezoidal  and  said 
first  and  second  rigid  members  are  disposed 
along  the  non-parallel  edges  thereof. 

3.  Apparatus  as  claimed  in  Claim  1  wherein  said 
planar  geometric  shape  is  triangular. 

4.  Apparatus  as  claimed  in  Claim  1  ,  wherein  said 
first  rigid  member  includes  a  plurality  of  first 
finger  members  and  said  second  rigid  member 
includes  a  plurality  of  second  finger  members, 
said  first  and  second  finger  members  being 
disposed  such  that  they  interdigitate. 

5.  Apparatus  as  claimed  in  Claim  4,  wherein  each 
said  first  and  second  finger  member  includes  a 
slot  extending  thereinto  from  the  end  thereof 
distal  said  flexible  member. 

6.  Apparatus  as  claimed  in  claim  1,  further  com- 
prises: 

means  for  transversely  guiding  said  flexi- 

ble  base  member, 
wherein  said  transverse  guide  means  in- 

cludes  at  least  one  pin  member  extending 
from  said  flexible  base  member,  and 

5  wherein  said  transverse  guide  means  fur- 
ther  includes  a  longitudinal  translation  member 
having  guide  pin  openings  therein  for  receiving 
said  at  least  one  pin  member. 

io  7.  A  system  for  finishing  a  cone-like  surface  hav- 
ing  an  axis  associated  therewith,  said  system 
comprises: 

means  for  rotating  said  cone-like  surface 
about  said  axis; 

is  means,  in  contact  with  a  portion  of  said 
cone-like,  for  finishing  said  cone-like  surface, 
said  finishing  means  including  first  and  second 
rigid  members  defining  first  and  second 
planes,  a  flexible  member  having  a  first  major 

20  surface,  said  first  and  second  rigid  members 
being  affixed  to  said  flexible  member  substan- 
tially  perpendicularly  to  said  first  major  sur- 
face;  and 

means  for  retaining  said  rigid  members 
25  such  that  said  planes  defined  thereby  intersect 

with  said  axis  of  said  cone-like  surface. 

8.  The  system  as  claimed  in  Claim  7  wherein 
said  rotating  means  includes: 

30 
first  and  second  pairs  of  rollers,  said  pair 

of  rollers  being  disposed  to  support  said  cone- 
like  surface  such  that  said  axis  thereof  is  sub- 
stantially  horizontal;  and 

35 
means,  associated  with  at  least  one  roller 

from  each  of  said  pairs  of  rollers  to  rotate  such 
that  said  cone-like  surface  is  rotated. 

40  9.  The  system  as  claimed  in  Claim  7,  further 
comprises: 

means  for  translating  said  cone-like  finish- 
ing  means  in  a  direction  parallel  with  said  axis 

45  thereof,  and 

means,  affixed  to  said  cone-like  finishing 
means,  for  interconnecting  with  said  translation 
means  such  that  said  finishing  means  main- 

50  tains  contact  with  said  cone-like  surface. 

10.  The  system  as  claimed  in  Claim  9  wherein 
said  interconnection  means  includes: 

55  at  least  one  pin  member  affixed  to  said 
finishing  means  and  extending  therefrom  to- 
ward  said  axis  of  said  cone-like  surface;  and 

4 
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means,  integral  with  said  translation 
means,  for  receiving  said  at  least  one  pin 
member  such  that  said  finishing  means  can 
move  transversely  thereto. 
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